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Abstract
Objective: To describe the design of the Feel4Diabetes-intervention and the
baseline characteristics of the study sample.
Design: School- and community-based intervention with cluster-randomized
design, aiming to promote healthy lifestyle and tackle obesity and obesity-related
metabolic risk factors for the prevention of type 2 diabetes among families from
vulnerable population groups. The interventionwas implemented in 2016–2018 and
included: (i) the ‘all-families’ component, provided to all children and their families
via a school- and community-based intervention; and (ii) an additional component,
the ‘high-risk families’ component, provided to high-risk families for diabetes as
identified with a discrete manner by the FINDRISC questionnaire, which comprised
seven counselling sessions (2016–2017) and a text-messaging intervention (2017–
2018) delivered by trained health professionals in out-of-school settings. Although
the intervention was adjusted to local needs and contextual circumstances,
standardized protocols and procedures were used across all countries for the
process, impact, outcome and cost-effectiveness evaluation of the intervention.
Setting: Primary schools and municipalities in six European countries.
Subjects: Families (primary-school children, their parents and grandparents) were
recruited from the overall population in low/middle-income countries (Bulgaria,
Hungary), from low socio-economic areas in high-income countries (Belgium,
Finland) and from countries under austerity measures (Greece, Spain).
Results: The Feel4Diabetes-intervention reached 30 309 families from 236 primary
schools. In total, 20 442 families were screened and 12 193 ‘all families’ and
2230 ‘high-risk families’ were measured at baseline.
Conclusions: The Feel4Diabetes-intervention is expected to provide evidence-
based results and key learnings that could guide the design and scaling-up of
affordable and potentially cost-effective population-based interventions for the
prevention of type 2 diabetes.
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Worldwide, 10 % of the population over 25 years of age
suffers from type 2 diabetes(1). Considering that type 2
diabetes is an important cause of mortality, morbidity and
lower quality of life, and it negatively affects health-care
system and social costs, strategies to prevent this disease
are urgently needed(2–4). Such strategies need to be
implemented early in life, since the risk factors for type 2
diabetes (e.g. unhealthy lifestyle, overweight/obesity, etc.)
are developed in childhood and track into adulthood, thus
increasing the risk for this disease prospectively(5).
There is a disproportionately higher prevalence of type 2
diabetes and its risk factors among certain vulnerable
population groups. Low socio-economic status has been
associated with higher prevalence of type 2 diabetes, over-
weight/obesity and unhealthy energy balance-related beha-
viours (EBRB)(6–12). In particular, 80 % of deaths from non-
communicable diseases, including type 2 diabetes, occur in
low- and middle-income countries(13), whereas in high-income
countries low education level and high percentage of unem-
ployment have been associated with a 45 and 31 % increased
risk of type 2 diabetes, respectively(14). Given the variation in
the prevalence of type 2 diabetes mentioned above, a large
segment of the population in low- and middle-income
countries as well as certain ethnic groups, immigrants and
low socio-economic groups in high-income countries could
be at higher risk for developing type 2 diabetes; any initiative
should therefore focus primarily on those population groups.
Modifiable risk factors related to type 2 diabetes include
overweight/obesity and physical inactivity, high levels of
sedentary behaviour and unhealthy dietary habits(6–12). The
family environment, the community and the school environ-
ment play an important role in the determination of family
lifestyle habits and health indices. Family members have a
common genetic background, but also share a common
environment, attitudes and beliefs regarding health issues,
with older family members serving as children’s role models
too(15,16). Furthermore, the community environment may be
either a facilitator or a barrier with respect to a healthy life-
style. Road and personal insecurity, limited access to com-
munity facilities (e.g. sports halls, parks, pedestrian areas),
lower social support and community resources lead to poor
adherence to dietary and physical activity recommenda-
tions(17–20). School environment, as an integral part of the
community, can influence children’s and families’ health-
related behaviours via healthy food availability, physical
education, class curricula or health education programmes(21).
The effectiveness of any school-based initiative is
greater when combined with the active involvement of the
family and the community, given the strong interaction
among child, family, school and neighbourhood environ-
ment(22,23). Although previous studies have highlighted
that type 2 diabetes can be prevented via lifestyle changes
achieved through counselling sessions with high-risk
subjects, there is limited evidence about the effects of a
school- and community- based intervention and lifestyle
counselling for the prevention of this disease(24).
The EU-funded Feel4Diabetes-study focused on the
development, implementation and evaluation of a school-
and community-based intervention to prevent type 2 diabetes
in vulnerable families across Europe. The Feel4Diabetes-
intervention promoted healthy eating and active lifestyle
through the provision of a more supportive social and
physical environment at home, school and municipality
level, as well as lifestyle counselling to the parents with
increased type 2 diabetes risk. The aim of the current paper
is to describe the design of the Feel4Diabetes-intervention
and provide some preliminary data on the recruited cohorts.
Methods
Feel4Diabetes-study background
To develop, implement and evaluate the Feel4Diabetes-
intervention, the Feel4Diabetes-study followed a theore-
tical framework based on the PRECEDE–PROCEED model
(Fig. 1)(25).
PRECEDE phase
Within this preparatory phase the following sub-studies
were conducted:
1. Systematic literature review to identify the target
population (i.e. the groups that are vulnerable regard-
ing type 2 diabetes development).
2. Systematic literature review to identify the most
important EBRB and sub-behaviours related to the risk
factors for developing type 2 diabetes in vulnerable
groups. Moreover, focus groups with parents and
grandparents (at high risk and low risk for type 2
diabetes), as well as teachers and health-care profes-
sionals, were conducted to identify the relevant
predisposing, reinforcing and enabling factors.
3. Systematic narrative literature reviews: (i) to identify
research programmes that have been implemented in
the school setting and focused on the promotion of
healthy eating and physical activity, with emphasis on
socio-economic position and vulnerable groups; and (ii)
to summarize lifestyle intervention theories, methods,
modes and targets that have been successfully applied in
earlier diabetes prevention studies, with special empha-
sis on vulnerable population groups. Furthermore,
survey (‘European Diabetes Survey’) and systematic
comparative analysis to identify the existing policies,
legislation, strategies and frameworks related to type 2
diabetes prevention that are available in the six countries
participating in the Feel4Diabetes-intervention.
PROCEED phase
This phase included the following steps:
4. The insights gained in the PRECEDE phase (i.e. from the
literature reviews, the focus groups and the survey and
systematic comparative analysis) and the ‘Health Action
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Process Approach’ (HAPA) were used to develop and
implement the Feel4Diabetes-intervention, while key
learnings and expertise from previous European and
national projects have been also incorporated(26).
5. The Feel4Diabetes-intervention will be evaluated
regarding its process, impact and outcome, based on
measurable objectives. Its cost-effectiveness and scal-
ability will be also evaluated(27,28).
Design of the Feel4Diabetes-intervention
The Feel4Diabetes-intervention was registered at https://
clinicaltrials.gov/ (registration number: NCT02393872). It
had a cluster-randomized design and consisted of two
components: (i) the ‘all families’ component, which was
delivered at schools, home and the local municipalities;
and (ii) the ‘high-risk families’ component, which was
delivered out of the school setting, in families found to be
at increased risk for type 2 diabetes (Fig. 2).
The development of both components was guided by the
outcomes of the earlier phases of the Feel4Diabetes-study.
Specifically, the behaviours which were found to be asso-
ciated with risk for developing type 2 diabetes were targeted
in the Feel4Diabetes-intervention. Moreover, the identified
barriers and facilitators of these behaviours were targeted,
while information about existing legislation and policies,
available human resources and infrastructure for both imple-
menting the intervention as well as providing easy access to
facilities for leisure-time physical activity, active commuting,
etc. was considered when developing the intervention.
Newly identified individuals with diabetes were direc-
ted to the local health-care system for further evaluation
and treatment, but they could join their families in the
intervention, if they wished so.
The ‘all families’ component
The ‘all families’ component was delivered by the school
teachers. It focused on changes in the school, home and
local municipality social and physical environment to
assist the family to reach the recommendations for a
healthy and active lifestyle. The goals of the ‘all families’
intervention, as identified in the PRECEDE phase, were the
following: increase water consumption (instead of sugary
drinks); increase consumption of fruits and vegetables;
consumption of healthy and balanced breakfast and/or
morning snack; increase physical activity; and decrease/
interruption of prolonged sedentary time.
The teachers participated in one training session at the
beginning of every school year, during which the inter-
vention material was presented and information on how to
implement the intervention was provided. Teachers’
training was conducted based on a standardized protocol
and training module across all centres. For those teachers
who were not able to participate in the training sessions,
the materials were delivered, and additional training visits
to schools were arranged. To avoid contamination
between the intervention and control groups, no access to
the material or training was provided to the control group
and control schools were asked to continue with the
standard curriculum.
At school level, trained teachers aimed to create a more
supportive social and physical environment promoting a
healthy and active lifestyle for the children during school
hours, such as providing opportunities and acting as role
models for healthy behaviours. The activities at school
were complemented with simple and easy-to-read news-
letters, aiming to inform and actively engage the families in
the intervention. The newsletters were culturally adapted
and aimed to motivate, improve self-efficacy to apply
environmental changes at home, and provide practical tips
to adopt a healthier and more active lifestyle.
At local municipality level, available infrastructure and
human resources to support the lifestyle and behavioural
changes of the families were identified and promoted. For
PRECEDE phase
Step 3: Identify existing
literature and context for the
prevention of T2D
Step 2: ldentify EBRB
related to T2D
development and their
determinants
Step 1: Identify
vulnerable groups for
developing T2D
Learnings/experiences
from previous research
prevention programmes
Predisposing
factors
Reinforcing factors
Enabling factors
Actual environment
(social and physical)
EBRB
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of the study population
and high-risk families
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Health and quality of
life indices
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Fig. 1 The contextual framework of the Feel4Diabetes-study (T2D, type 2 diabetes; EBRB, energy balance-related behaviour)
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example, access to sports halls and parks or school-setting
playgrounds after school hours or active commuting, etc.
These opportunities for increasing families’ healthy and
active lifestyle were identified by the local research groups
in collaboration with the local municipality authorities and
then communicated to the parents via newsletters dis-
tributed to them by the teachers and other means of
communication.
The ‘high-risk families’ component
The ‘high-risk families’ component was delivered by
trained health professionals. It was implemented in addi-
tion to the ‘all families’ component to further support and
encourage high-risk families to achieve and adhere to
the recommendations for a healthy and active lifestyle.
The specific additional intervention targets, as identified
in the PRECEDE phase, were: increase intakes of whole
grains, nuts, low-fat dairy, and olive or rapeseed oil;
decrease intakes of sweet and savoury snacks and fast
foods, red and processed meat; reduce body weight by
5% (if overweight); and family meal at least once per day.
The adult members of the ‘high-risk families’ were
invited to the local community centre (e.g. university,
health promotion centre or any other available community
centre) within the municipality to undergo a more detailed
assessment. The ‘high-risk families’ component included
seven lifestyle counselling sessions spread over the aca-
demic year 2016–2017, including two sessions delivered
separately to each ‘high-risk’ family (‘family sessions’) and
five group sessions (Table 1). The first six counselling
sessions were completed by March 2017, whereas the
seventh counselling session was implemented in Sep-
tember 2017 to provide the results of each family’s first
follow-up medical check-up; set specific, measurable,
attainable, realistic and timely (SMART) goals for the sec-
ond year of the intervention; and introduce them to the
text-messaging (SMS) intervention (in the case of Finland,
all sessions were completed by January 2017). If the par-
ticipants were not able or willing to physically attend the
sessions, they were offered an opportunity for counselling
over the telephone or by email. During the second year
the participants received motivational guidance via SMS
sent to their mobile phones. The counselling sessions
included behavioural techniques aiming to increase
motivation and self-efficacy of ‘high-risk families’, improve
their self-regulation and set SMART goals to reach the
targeted lifestyle recommendations. In each of the coun-
selling sessions, the ‘high-risk families’ received material
(e.g. newsletters) and activities which were conducted
either during the session or at home. The control group for
this component received only general advice for a healthy
and active lifestyle during a one-hour session.
Timeline
The duration of the Feel4Diabetes-study (i.e. develop-
ment, implementation and evaluation of the Feel4Dia-
betes-intervention) was four years (2015–2019). A detailed
description of the Feel4Diabetes-study timeline is pre-
sented in Fig. 3.
The time plan of the Feel4Diabetes-intervention was
designed to account for country-specific differences with
Study population
Participating municipalities
First-stage randomization
Intervention
municipalities
Randomly selected schools
Screening at school setting:
parents’ FINDRISC
High-risk families Low-risk families High-risk families Low-risk families
Personal feedback on children’s weight status and general lifestyle advice
‘All families’ component
Improvement of school social & physical environment,
Improvement of home social & physical environment,
Local municipality initiatives
‘High-risk families’ component
Lifestyle counseling
sessions
SMS intervention
One-hour session with
general advice for a
healthy and active
lifestyle
Control
municipalities
Randomly selected schools
Screening at school setting:
parents’ FINDRISC
Fig. 2 Overview of the Feel4Diabetes-intervention (FINDRISC, Finnish Diabetes Risk Score; SMS, text messaging)
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respect to the opening and closing dates of schools and
the duration and timing of national holidays. Recruitment
of children attending the first three grades of primary
school and their families (parents and grandparents) star-
ted in January 2016; baseline measurements were con-
ducted between April and June 2016 and for three
countries (i.e. Finland, Hungary and Bulgaria) were
extended during August–September 2016. The interven-
tion was implemented over two school years, i.e. the
school years 2016–2017 and 2017–2018. The follow-up 1
and follow-up 2 measurements were performed in the
same months as at baseline, in 2017 and 2018, respec-
tively. To account for seasonal variations, follow-up
measurements were conducted as close to the date of
the baseline measurements as possible. Process evaluation
and assessment of cost-effectiveness were conducted
during the implementation phase of the intervention.
Ethical approvals and consent forms
The Feel4Diabetes-study adhered to the Declaration of
Helsinki and the conventions of the Council of Europe on
Table 1 Structure of counselling sessions in the ‘high-risk families’ component: the Feel4Diabetes-intervention
Session Type Content
1 G ∙ Introduction to intervention aims and goals
∙ Presentation/discussion on: epidemiology, complications and risk factors related to T2D, lifestyle changes to
reduce the risk for T2D
∙ Introduction to SMART goal setting
2 F ∙ Provision and explanation of baseline family medical check-up*
∙ Record of family’s history of lifestyle habits and determinants
∙ Assessment of motivation for lifestyle change
∙ SMART goal setting and discussion on self-monitoring
3 G ∙ Monitoring family’s progress on lifestyle changes
∙ Support, encouragement and problem solving
∙ Presentation/discussion on the topics: ‘breakfast’, ‘healthy snacking and drinking’, ‘sedentary behaviour’
4 G ∙ Monitoring family’s progress on lifestyle changes
∙ Support, encouragement and problem solving
∙ Presentation/discussion on the topics: ‘balanced main meals’, ‘physical activity’
5 G ∙ Monitoring family’s progress on lifestyle changes
∙ Support, encouragement and problem solving
∙ Presentation/discussion on the topics: ‘relapse management’, ‘stress’, ‘sleep’, ‘healthy body weight’
6 G ∙ Monitoring family’s progress on lifestyle changes
∙ Presentation/discussion on the topics covered in sessions 3–5, as well as on practical issues for lifestyle
changes (e.g. healthy shopping, how to read package labels) and on ‘attentive eating’
∙ Support, encouragement and problem solving
7 F ∙ Provision and explanation of follow-up 1 family medical check-up*
∙ SMART goal setting regarding the second year of the intervention
∙ Overview of the second year of the intervention (SMS)
G, group session; F, individual (family) session; T2D, type 2 diabetes; SMART, specific, measurable, attainable, realistic and timely; SMS, text messaging.
*This was not conducted in the case of Finland, since the results of medical check-up were not available for the counsellors due to ethical reasons.
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Fig. 3 Timeline of the Feel4Diabetes-study (T2D, type 2 diabetes; SMS, text messaging)
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human rights and biomedicine. Prior to initiating the
intervention, all participating countries obtained ethical
clearance from the relevant ethical committees and local
authorities. More specifically, in Belgium the study was
approved by the Medical Ethics Committee of the Ghent
University Hospital; in Bulgaria, by the Ethics Committee
of the Medical University of Varna and the Municipalities
of Sofia and Varna, as well as the Ministry of Education
and Science local representatives; in Finland, by the hos-
pital district of Southwest Finland ethical committee; in
Greece, by the Bioethics Committee of Harokopio Uni-
versity and the Greek Ministry of Education; in Hungary,
by the National Committee for Scientific Research in
Medicine; and in Spain, the study was approved by the
Clinical Research Ethics Committee and the Department of
Consumers’ Health of the Government of Aragón. All
parents/caregivers provided a signed consent form before
being enrolled in the study.
Recruitment of participants
Recruitment was conducted within the provinces of Oost-
Vlaanderen and West-Vlaanderen (Belgium), Varna and
Sofia (Bulgaria), Satakunta (Finland), Attica (Greece),
Debrecen and its county (Hungary) and Zaragoza (Spain).
In Bulgaria and Hungary, all areas within the selected
provinces were considered ‘vulnerable’ and eligible to
participate in Feel4Diabetes. In Greece, Spain, Finland and
Belgium, the municipalities/school districts/other equiva-
lent units in the selected provinces were grouped in ter-
tiles according to socio-economic indices retrieved from
official resources and authorities (e.g. in Greece informa-
tion was retrieved from the Hellenic Statistical Authority)
and ‘vulnerable’ areas were randomly selected only from
the tertile with the lowest education level or the highest
unemployment rate. In the case of Finland, areas were
ordered based on the mean values of the selected socio-
economic index and ‘vulnerable’ areas were selected from
the lower mean.
In all countries, after taking the necessary approval(s)
from local authorities (ethical committees, ministries,
municipalities, etc.), lists of all primary schools within the
randomly selected ‘vulnerable’ areas were created and
primary schools were randomly selected and recruited
from each area until the recruitment goal was met. Chil-
dren attending the first three grades of compulsory edu-
cation and their families (i.e. ‘all families’) were recruited
to the study from these primary schools. Of these recruited
families, the ‘high-risk families’ were identified based on
type 2 diabetes risk estimation using the Finnish Diabetes
Risk Score (FINDRISC)(29). To be regarded as a ‘high-risk
family’, at least one parent in the family had to fulfil the
country-specific cut-off point.
Regarding the ‘all families’ component of the interven-
tion, a sample of 600 ‘all families’ per treatment arm was
required to achieve statistical power greater than 80 %
(at a two-sided 5 % significance level) for reducing screen
time by 0·2 h/d in children within 8 months. Regarding the
‘high-risk families’ component of the intervention, a
minimum sample of 150 ‘high-risk families’ per treatment
arm was required to achieve statistical power greater than
80 % (at a two-sided 5 % significance level) for reducing
BMI by 0·7 kg/m2 in adults within a year. Therefore, a
minimum sample of 1200 ‘all families’ and of these
300 ‘high-risk families’ per country, resulting in a total
sample of 7200 ‘all families’ and 1440 ‘high-risk families’,
was initially targeted. However, to account for an esti-
mated dropout rate of about 20 %, a total number of about
9000 ‘all families’ and 2160 ‘high-risk families’ were aimed
to be recruited in the six participating countries.
The randomization to the intervention and control
group was conducted at a municipality level (1:1 ratio)
after the completion of baseline measurements. Therefore,
the schools and the families (i.e. ‘all families’ and ‘high-risk
families’) within each municipality were automatically
allocated to the intervention or control group.
Measurements
To evaluate the outcome of the Feel4Diabetes-interven-
tion, children’s and adult family members’ (parents’ and/
or grandparents’) anthropometric indices, as well as adult
family members’ blood indices and blood pressure indi-
ces, were measured by rigorously trained research assis-
tants, using standardized protocols and equipment that
was calibrated before the start of the measurements (in
each time period). Regarding the anthropometric indices,
three measurements of children’s weight and height and
adults’ weight, height and waist circumference were
taken. Participants were asked to remove heavy clothing
and stand still in an erect position during the measure-
ments. Portable equipment was used (digital scales for
weight; telescopic stadiometers for height; non-elastic
waist tape for waist circumference). Regarding the blood
indices, blood samples were drawn in the first morning
hours after overnight fasting. On the previous day the
research assistants reminded the adults via a telephone
call to remain fasted until the time of the measurement, to
ensure compliance with fasting. The collected blood
samples were centrifuged and then analysed in accredited
laboratories to obtain measurements of total, HDL and
LDL cholesterol, triacylglycerols, glucose and insulin.
Regarding blood pressure, three measurements of systolic
and diastolic blood pressure were taken with commer-
cially available electronic sphygmomanometers and cuffs
appropriate for each participant’s arm size. Participants
were asked to sit quietly for at least 5min before each
measurement.
To evaluate the impact of the Feel4Diabetes-interven-
tion, children’s and adults’ behavioural indices on drink-
ing, eating, physical activity and sedentary behaviours, as
well as their determinants, were self-reported by the
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parents via standardized questionnaires and physical
activity monitors (either pedometers or accelerometers).
Regarding the process evaluation, the degree and fide-
lity of implementation of the intervention at schools and
counselling sessions were assessed via standardized, self-
reported questionnaires, which were completed by the
school teachers and the research assistants, respectively.
Regarding cost-effectiveness, all costs related to the
Feel4Diabetes-intervention were recorded by the research
assistants and the teachers. Health economic modelling
will be used to estimate the cost-effectiveness of the
Feel4Diabetes-intervention.
Moreover, data related to the socio-economic status of
the families (e.g. paternal and maternal years of education
and age) participating in the Feel4Diabetes-intervention
were collected.
Multi-level analyses (four levels: ‘time’, ‘family’, ‘primary
school’ and ‘municipality’) will be performed to examine
the impact and outcome evaluation of the Feel4Diabetes-
intervention, taking clustering of two measurements
(baseline and follow-up) of families in primary schools in
municipalities into account.
Results
The mean participation rate of ‘all families’ in the total
study sample was 43·8 %. In total, 20 442 families were
screened with the FINDRISC questionnaire. The study
sample at baseline comprised 12 193 ‘all families’ and
2230 ‘high-risk families’, which provided complete data
(Table 2). Overall, the Feel4Diabetes-intervention reached
30 309 families via the participating primary schools (i.e.
families that received the ‘all families’ intervention com-
ponent, regardless of whether they participated in the
baseline measurements).
Table 3 presents the descriptive characteristics of the ‘all
families’ at baseline. In brief, children’s mean age was 8·2
years, with 50·7 % of the sample being females. Regarding
the anthropometric data, children’s mean weight and
height were 29·84 kg and 130·67 cm, respectively. In the
overall sample, 90·4 % of the mothers and 77·6 % of the
fathers were younger than 45 years old.
Table 4 presents the descriptive characteristics of the
‘high-risk families’ at baseline. In total, data were collected
from 3268 parents. Overall, 89·7 % of the ‘high-risk’ adults
were Caucasian, 91·5 % were married or cohabiting, 4·8 %
were unemployed, 75·9 % were under the age of 45 years
and 65·4 % were mothers (female gender).
Discussion
The Feel4Diabetes-study aimed to develop a school- and
community-based intervention to promote healthy lifestyle
and tackle obesity and obesity-related metabolic risk fac-
tors for the prevention of type 2 diabetes among families
in low/middle-income countries and in vulnerable groups
in high-income countries and countries under austerity
measures in Europe. Previous studies have shown that
Table 2 Number of ‘all families’ (AF) and ‘high-risk families’ (HRF) by country at baseline: the Feel4Diabetes-intervention
Country
Families
contacted
Families screened
with the FINDRISC
questionnaire
AF agreed to
participate &
measured
AF
intervention
group
AF
control
group
Families
identified
as HRF
HRF agreed to
participate &
measured
HRF
intervention
group
HRF
control
group
Belgium 5367 2990 1798 932 866 481 391 207 184
Bulgaria 5049 2482 3032 1759 1273 626 469 277 192
Finland 2762 3739 1506 729 777 752 375 192 183
Greece 6090 2998 2286 1187 1099 689 461 246 215
Hungary 2902 5205 1867 844 1023 536 211 109 102
Spain 5694 3028 1704 999 705 381 323 242 81
TOTAL 27864 20442 12193 6450 5743 3465 2230 1273 957
Table 3 Sociodemographic characteristics of ‘all families’ (n 12193) by country at baseline: the Feel4Diabetes-intervention
Children’s
age (years)
Maternal age
<45 years
Paternal age
<45 years
Children’s
female gender
Children’s
weight (kg)
Children’s
height (cm)
Country Mean SD % % % Mean SD Mean SD
Belgium 7·97c,d,e,f 0·94 94·0d,e,g 83·9e,f,g 50·3 27·63a 6·00 129·09c,d,e,f 7·70
Bulgaria 8·31a 0·91 93·4d,e,g 79·3e,g 51·3 30·34a 7·36 131·47a 7·53
Finland 8·69b,c,e,g 0·94 89·3g 82·4e,g 49·7 31·47b,c,e,g 7·08 134·44a 7·88
Greece 7·79a 0·89 86·7 68·9 52·1g 29·50a 6·81 128·30b,c,d,f 7·22
Hungary 8·69b,c,e,g 1·06 92·6d,e,g 84·6e,f,g 52·1g 31·39b,c,e,g 9·21 132·63a 8·59
Spain 7·90c,d,e,f 0·96 84·2 68·7 47·2 28·56a 6·49 128·57c,d,f 7·64
TOTAL 8·20 1·01 90·4 77·6 50·7 29·84 7·37 130·67 8·02
P < 0·05 for differences among countries: asignificantly different from the rest of the countries; bsignificantly different from Belgium; csignificantly different from
Bulgaria; dsignificantly different from Finland; esignificantly different from Greece; fsignificantly different from Hungary; gsignificantly different from Spain.
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lifestyle intervention may be an effective approach to
tackle the rising prevalence of type 2 diabetes(30,31).
The development, implementation and evaluation of the
Feel4Diabetes-intervention was based on a systematic
approach lasting four years. More specifically, the EBRB/
sub-behaviours that were found in the early phases of the
study to be associated with risk factors for developing type
2 diabetes, as well as their determinants, were targeted in
the Feel4Diabetes-intervention. Moreover, learnings and
experiences from previous interventions, as mapped
through literature reviews conducted within the
Feel4Diabetes-study, provided the basis for developing the
Feel4Diabetes-intervention. Furthermore, schools, commu-
nity infrastructure and health-care personnel which were
available in the intervention areas were mapped in the six
countries participating in the Feel4Diabetes-intervention. In
parallel, the active involvement and engagement of the
relevant stakeholders, including decision and policy
makers, within the community was pursued from the
beginning of the Feel4Diabetes-intervention. The synthesis
of the evidence and lessons obtained during the PRECEDE
phase of the project were compiled into practical directions
which were used for the development and implementation
of the Feel4Diabetes-intervention, using a behavioural
approach (HAPA) that has been used in previous lifestyle
interventions aiming to prevent type 2 diabetes(32,33).
The recruitment of participants in Feel4Diabetes was
based on a standardized, multistage sampling procedure, to
ensure sufficient representativeness of vulnerable groups
for developing type 2 diabetes in the participating regions in
the six European countries. Moreover, using municipalities,
school districts or other equivalent units as the cluster unit
limited contamination among neighbouring schools and
volunteers, and allowed the Feel4Diabetes-intervention to
control for diversities among families’/children’s physical
environment in the neighbourhood (e.g. playgrounds, res-
taurants) that may influence their lifestyle habits. On the
other hand, the intervention was implemented at a school
level, with the participation of the whole class, aiming to
increase acceptability and avoid stigmatization since
everyone received the same treatment, as well as to
maximize universalization by reducing participant
self-selection. Still, considering that not all families of the
study population had a risk for type 2 diabetes of equal
magnitude and since school-based interventions targeting
the overall population cannot and should not target those
high-risk families to avoid stigmatization, Feel4Diabetes
implemented a screening procedure to identify these
families and delivered an additional family intervention
component out of school hours. This screening was based
on a previously developed and validated tool to assess
future diabetes risk, i.e. the FINDRISC, which has been used
in several studies in this field(29,31).
Across the Feel4Diabetes-intervention countries, stan-
dardized, country-adapted protocols, methods, tools and
materials were used for the implementation of the inter-
vention, as well as for the process, impact, outcome eva-
luation and the assessment of its cost-effectiveness, in line
with other previous multicentre studies(34–36). Regarding
the implementation of the intervention, all study centres
used common, country-adjusted protocols and manuals
(i.e. for the school component: handbook for the teachers,
newsletters for the parents and slides for teachers’ training;
for the ‘high-risk families’ component: manual for the
health-care professionals, slides, newsletters/activities/
material for the counselling sessions and SMS interven-
tion). Moreover, all researchers who trained the teachers
and all health-care professionals who delivered the ‘high-
risk families’ component (counselling sessions and SMS
intervention) were trained centrally before the imple-
mentation of the intervention. The results of the
Feel4Diabetes-intervention will be evaluated by assessing
its process, impact, outcome and cost-effectiveness.
The Feel4Diabetes-intervention has certain strengths
and limitations. First, experiences and learnings from
previous programmes guided the development of the
Feel4Diabetes-intervention. An additional strength is that
the Feel4Diabetes-intervention did not follow a ‘one size
fits all’ approach; rather, from a preselected list of targeted
EBRB identified from the literature, the participating
countries, schools and families could choose and prioritize
the most relevant and appealing EBRB to them via the
SMART goals approach. Furthermore, the intervention
messages were tailored according to each country’s needs
and reality. For example, in the ‘all families’ component,
teachers were asked to prioritize the EBRB that were more
Table 4 Sociodemographic characteristics of ‘high-risk families’ (n 2230) by country at baseline: the Feel4Diabetes-intervention
Country
Parental ethnicity
(% Caucasian)
Marital status
(% married or cohabiting)
At least one parent
unemployed (%)
Parental age
<45 years (%)
Parental female
gender (%)
Belgium 90·3f 92·0 1·5 82·1e,g 67·4g
Bulgaria 98·0b,f,g 92·5f 0·9 83·4e,g 71·9d,e,g
Finland – 94·4f,g 3·2 76·1 62·4
Greece 98·4b,f,g 93·4f,g 9·2b,c,d 68·6 62·5
Hungary 84·0g 86·2 3·8c 86·0d,e,g 76·4d,e,g
Spain 72·7 88·6 6·8b,c 68·3 58·0
TOTAL 89·7 91·5 4·8 75·9 65·4
Data on parental ethnicity were not available for Finland.
P < 0·05 for differences among countries: asignificantly different from the rest of the countries; bsignificantly different from Belgium; csignificantly different from
Bulgaria; dsignificantly different from Finland; esignificantly different from Greece; fsignificantly different from Hungary; gsignificantly different from Spain.
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relevant to their school and class needs, in case they could
not focus on all EBRB at the same time, to increase com-
pliance with the intervention. Similarly, in the ‘high-risk
families’ component, the advice to the ‘high-risk families’
(in the counselling sessions and/or in the SMS interven-
tion) for increasing their physical activity, which was an
EBRB promoted in all centres, could be to walk in the
forest in Finland or to visit the schoolyard which was open
in the afternoon in Greece. Moreover, in line with the
study of Endevelt et al., a mixture of individual and group
sessions was used in the ‘high-risk families’ component
aiming to increase effectiveness and cost-effectiveness(37).
Regarding the evaluation of the intervention, the large
study sample, the standardized protocols and procedures
followed across all centres, and the objectively collected
data (i.e. blood and anthropometric indices, blood pres-
sure and physical activity level recorded via pedometers/
accelerometers) safeguard the more objective and reliable
assessment and increase the generalizability of findings.
On the other hand, part of the collected data is self-
reported and thus prone to recall bias and social
desirability.
The Feel4Diabetes-study has developed a multi-
component, school- and community-based intervention
for improved lifestyle and the prevention of type 2 dia-
betes. More than 12 000 primary-school children and their
families, including more than 2000 families at high risk for
developing type 2 diabetes, from six European countries,
participated in the Feel4Diabetes-intervention at baseline.
The impact, outcome, process evaluation and cost-
effectiveness of the Feel4Diabetes-intervention will be
assessed to guide the design and scaling-up of affordable
and potentially cost-effective population-based interven-
tions for the prevention of type 2 diabetes.
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